The aim of this study was to investigate the effect of categorical strategies based on subject-specific characteristics of dietary restraint and physical activity, on weight maintenance (WM) in overweight and obese subjects, after a very low calorie diet (VLCD). Furthermore, find predictors of WM that can be important in the context of obesity treatment. METHODS: In all, 120 subjects (age: 49.079.8 y, BMI 31.073.8 kg/m 2 ) followed a VLCD (2.1 MJ/day) for 6 weeks in a freeliving situation, followed by a period of 1 y WM. Body weight (BW), body composition, leptin concentration, dietary restraint and physical activity were determined right before (t0) and after (t1) the VLCD, after 3 months (t2) and after 1 y (t3). During WM, subjects were divided into four categories of WM guidelines (dietary, activity, diet þ activity, placebo), taking their capability measured during weight loss and their preference for particular guidelines into account. RESULTS: BW loss during VLCD was 7.073.1 kg. After 1 y follow-up, BW regain was 56.3755.0%, without significant differences between the four groups. With respect to measured capability during weight loss, subjects with an increased dietary restraint (F1 of the Three Factor Eating Questionnaire) had less BW regain than subjects with an increased physical activity (Baecke questionnaire) (35.5753.2 vs 68.5746.4%, Po0.05). Moreover, activity guidelines promoted WM in dietary disciplined subjects compared to activity-related disciplined subjects (%regain: 25.2 vs 74.3%, Po0.05). Subjects receiving guidelines that were opposite to their preference showed a better WM than subjects receiving preferred guidelines. After 1 y WM, 21 subjects were successful (o10% BW regain) and 99 unsuccessful (Z10% BW regain). At baseline, these groups were significantly different in BMI (resp. 32.774.9 vs 30.773.5 kg/m 2 , Po0.05), waist circumference (106.5714.0 vs 100.6711.2 cm, Po0.05) and fat mass (FM) (35.2710.6 vs 32.176.6%, P ¼ 0.06). Finally, successful subjects appeared to spare fat-free mass (FFM) to a greater extent than unsuccessful subjects. CONCLUSION: After weight loss, type of guidelines (dietary, activity, placebo) is not related to the magnitude of WM, whereas guidelines opposite to the subject's capability and preference are related. These only reach successful WM (490%) in originally dietary disciplined subjects who are supported by characteristics such as a relatively high baseline BMI, waist circumference and FM, together with the ability to spare FFM.
Introduction
The prevalence of overweight (defined as a BMI between 25 and 30 kg/m 2 , and a relatively high fat mass (FM)) and obesity (defined as a BMI 430 kg/m 2 , including a high FM as well) is not only increasing in the US but also in Western Europe. [1] [2] [3] Overweight and obesity are emerging as major health problems. Obese individuals and even individuals with mild-to-moderate overweight have increased risk for multiple conditions, many of which are associated with a relatively high rate of morbidity and mortality, such as type 2 diabetes, hypertension and coronary heart disease. [1] [2] [3] [4] [5] [6] The risks associated with many of these comorbid conditions may be reduced with modest weight loss. Clinical studies suggest that minimal, sustained weight loss of 5-10% can reduce or eliminate obesity-related disorders. 5 Weight control methods often produce short-term success, but sustained weight maintenance (WM) is difficult to reach. 2, 7, 8 Weight cycling and relapse of body weight (BW) are common features after a weight loss intervention. The maintenance of treatment-induced weight loss thus remains a significant challenge in the management of obesity. 9 Strategies to improve the maintenance of weight loss have resulted in behavior modification: changes in diet and increased physical activity. [9] [10] [11] These interventions show a great promise for improving long-term outcome. 9 To maintain weight loss, some people may prefer to change their dietary pattern, while others prefer to become more physically active. Most importantly, one needs to continuously keep up with these changes as long as one lives. [12] [13] [14] Weight loss maintenance strategies need to be further developed. 15 It has been observed that placebo-group subjects maintain their BW after weight loss as well as subjects receiving a certain treatment do. The reason lies in a dietary discipline, which can be characterized as an increase in dietary restraint during the weight loss phase that predicts WM thereafter. 2, 16 The way subjects increase dietary restraint is invented and applied by themselves. Therefore, this study used a subject-specific approach to achieve maintenance of the BW lost. Strategies of WM may differ between subjects and choosing these strategies according to the subjects' capability may facilitate WM. Dietary restraint and physical activity are examples of these strategies. Dietary restraint refers to conscious restriction of food intake to achieve or maintain a preferred BW. [17] [18] [19] [20] [21] Stunkard and Messick 22 reported that high scores on dietary restraint indicate that a subject might be especially responsive to information about caloric balance, nutrition and behavioral strategies for stimulus control. Food consciousness is reflected in a relatively high score on the cognitive restraint factor of the Three Factor Eating Questionnaire (TFEQ). 22, 23 Physical activity can be measured using the Baecke questionnaire. The Baecke questionnaire consists of three components: work activity, sports activity and leisure activity, 24, 25 and has been validated using doubly labeled water.
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Preference and/or discipline for certain methods may explain why some individuals can better keep up with a diet program, while others prefer an activity program. Thus, subjects were categorized according to their possible increase in dietary restraint, or physical activity, or both, or none of these, during the first 6 weeks of the study. The purpose of this study was to investigate the effect of categorical strategies based on these subject-specific characteristics of dietary restraint and physical activity, on WM in overweight and obese subjects, after a period of weight loss. Furthermore, parameters were assessed that may predict possible BW regain, such as body composition and leptin concentrations, and may play an important role in the prevention of obesity for people at risk.
Methods

Subjects
Subjects were recruited by advertisements in local newspapers. The ads asked for subjects who were willing to participate in a long-term weight loss study. At the screening visit, subjects were explained that the study started with a 6-week diet, after which WM was measured for 2-3 y. They were told to receive different guidelines for WM. In all, 150 subjects complied with the selection criteria: BMI 425 kg/m 2 and age between 20 and 65 y. The exclusion criteria were use of other research medication or diet up to 30 days prior to the study, and participation in an other scientific study 30 days prior to the study. A total of 133 subjects started with a very low calorie diet (VLCD) for 6 weeks. Before the start, 17 subjects had withdrawn for several reasons (eg not enough motivation). The 133 subjects (age: 48.179.5 y; BMI: 31.173.7 kg/m 2 ) who participated in the 6-week energy restriction period underwent measurements before and after weight loss, at 3 months and at 1 y. At 3 months WM, another 13 subjects dropped-out for several reasons (eg moving house). In all, 120 subjects (age: 49.079.8 y; BMI 31.073.8 kg/m 2 ) completed the whole study. Subjects gave their written informed consent to participate in the study, which was approved by the Medical Ethical Committee of the Maastricht University.
Experimental design
The study consisted of a dietary weight loss intervention in free-living circumstances of 6 weeks and a WM period of 1 y. The subjects (n ¼ 120) followed an energy restriction program for 6 weeks in a free-living situation. The program consisted of a VLCD (Modifast, Novartis Nutrition, Brussels, Belgium) containing 2.1 MJ/day (500 kcal/day). It provides 50 g carbohydrates, 52 g protein, 7 g fat and a vitamins-and minerals content, which meets the Dutch recommended daily allowance, in three sachets per day consumed as prescribed. The VLCD was dissolved in water to make a soup, milkshake or dessert. In addition to the VLCD, subjects were allowed to consume two pieces of fruit and an unrestricted amount of vegetables every day, without sauces or vinaigrettes.
After the VLCD, subjects received WM guidelines during the whole WM period. The guidelines were presented as information letters applicable and readable for every individual, and contained general information based on scientific research about diet (eg portion size, meal frequency, macronutrients, snacks, breakfast, fibers and water, etc [27] [28] [29] [30] ), or about exercise (eg physical activity level, low/ moderate/high intensity, activity induced decrease in appetite, activity energy expenditure as compared to total energy expenditure, maintain fat-free mass (FFM), prevent osteoporosis, importance of walking and cycling, etc [31] [32] [33] [34] [35] [36] [37] ), or about diet þ exercise, 38, 39 or about all other cues but diet þ exercise (placebo or distraction from obsessive dieting). Frequent dieting is one of the strategies for subjects to maintain their weight, while it has been shown that this can have a contrary effect. 8 The placebo guidelines had the objective to divert the attention from all diet and activity cues and give subjects other alternatives to concentrate on instead (eg reading, painting, solving puzzles, visiting
Categorical strategies for weight maintenance N Vogels and MS Westerterp-Plantenga cinema/theatre or play or listen to music, etc). Guidelines were sent by mail or through a specially developed encrypted web page. The kind of guidelines the subjects received was dependent on their measured capability during the first 6 weeks (Table 1) . Dietary discipline is determined by the change of the score on the F1 (of the TFEQ), and physical activity-related discipline by a change in the score on the Baecke questionnaire, from before to after the 6-week VLCD.
Half of the subjects were assigned to a treatment according to their estimated capability (subject category-specific guidelines: SS) and half were assigned to a treatment according to the opposite of their estimated capability (subject categorynonspecific guidelines: SNS) ( Table 1) . Stratification was applied with respect to BMI (at baseline), age, height, sex, DF1 and DBaecke. Subjects were also asked for the type of guidelines they would prefer to receive. Measurements of BW, body composition, leptin concentration, dietary restraint and physical activity took place before the VLCD (t0), immediately after the VLCD (t1), 3 months after t0 (t2) and 1 y after t0 (t3) ( Figure 1 ).
Anthropometry
Measuring height was performed using a wall-mounted stadiometer (Seca, model 220, Hamburg, Germany) and BW using a digital balance accurate to 0.1 kg (Sauter D7470, Ebingen, Germany). Measurements were executed in underwear, after an overnight fast and after voiding the bladder. BMI was calculated by BW/height 2 (kg/m 2 ). The waist circumference was measured at the site of the smallest circumference between the rib cage and the ileac crest, with the subjects in standing position.
Body composition
Body composition was measured using the deuterium dilution technique. 2 H 2 O dilution was used to measure total body water (TBW). Subjects were asked to collect a urine sample in the evening just before drinking the deuteriumenriched water solution. After ingestion of this solution, no further consumption was allowed. At 10 h after drinking the water solution, another urine sample was collected. The dilution of the deuterium isotope is a measure of the TBW of the subject. Deuterium was measured in the urine samples with an isotope ratio mass spectrometer (VG-Isogas Aqua Sira, VG Isogas, Middlewich, Cheshire, England). TBW was obtained by dividing the measured deuterium dilution space by 1.04. FFM was calculated by dividing TBW by the hydration factor 0.73. [40] [41] [42] Attitude towards eating Eating behavior was analyzed using a validated Dutch translation of the TFEQ. 22, 28 Cognitive restrained and unrestrained eating behavior (factor 1), emotional eating and disinhibition (factor 2) and the subjective feeling of hunger (factor 3) were scored. BW concern and chronic dieting behavior were investigated using the HP questionnaire, which addresses weight consciousness. 43 Leptin Blood samples were obtained, following a 12-h overnight fast. Serum leptin concentrations were measured with a double-antibody, sandwich-type enzyme-linked immunosorbent assay that used a monoclonal antibody specific for human leptin. The lower limit of detection is 0.5 mg/l and the upper limit is 50 mg/l. The intra-and interassay CVs were 9 and 12%, respectively. The leptin concentrations of normalweight subjects range from 2 to 12 mg/l. Figure 1 Study design. Subjects (n ¼ 120) participated an energy restriction program (VLCD) during the first 6 weeks. After the VLCD, subjects were divided over four different strategies. Measurements of BW, body composition, leptin concentrations, dietary restraint and physical activity were executed at baseline (t0), after VLCD (t1), 3 month after t0 (t2) and 1 y after t0 (t3) as indicated by the arrows.
Categorical strategies for weight maintenance N Vogels and MS Westerterp-Plantenga Physical activity An estimation of the physical activity level was determined using the validated Baecke questionnaire. 26 The Baecke questionnaire consists of a work index, a sports index, a leisure time index and the total index. 24 
Statistical analysis
Weight loss from t0 to t1 was determined and compared between groups with paired t-tests. Differences between groups and changes over time were determined with factorial analysis of variance (ANOVA) and Scheffé-F posthoc test (Statview SE Graphicst for Macintosh). Pearson's correlation coefficients, r, were calculated to determine the relationship between selected variables. All statistical tests were two-sided, differences were considered significant at Po0.05. Values are expressed as mean7standard deviation (s.d.).
Results
Subject characteristics at 1 y assessment Taking all subjects together, BW loss during the VLCD was 7.073.1 kg. Furthermore, BMI, waist circumference, % body fat (BF), FM, FFM, disinhibition (F2 of the TFEQ), hunger feelings (F3 of the TFEQ) and leptin concentrations decreased significantly, whereas dietary restraint (F1 of the TFEQ) and physical activity increased significantly (Table 2a) . At 3 months (t2), %BF and FM were significantly decreased as compared to after weight loss (t1), whereas FFM and leptin levels were significantly increased. At 1 y (t3), BW, BMI, waist circumference, FFM and leptin concentrations were significantly increased compared to t1 (Table 2a) . BW regain after 1 y WM was 56.3755.0%. All subject characteristics are shown in Table 2a . The characteristics of the subjects who dropped out were not statistically different from the subjects who remained in the study.
Influence of different guidelines during WM During WM, 39 subjects received guidelines by mail and 81 through a specially developed encrypted web page. BW regain after 1 y was not significantly different between these two groups (53.3756.3 vs 62.3752.6%, respectively, P ¼ 0.41), which shows that BW regain was not influenced by the way subjects received the guidelines. Afterwards, subjects were asked whether they really had read the guidelines they received. In all, 100 confirmed that they Categorical strategies for weight maintenance N Vogels and MS Westerterp-Plantenga actually read the guidelines (of which 51 agreed that the guidelines were in one way or the other helpful to control their weight), 20 admitted that they did not read them at all. Again, no correlation was found between BW regain and whether subjects had read the guidelines or not (56.1753.7 vs 57.0762.5%, P ¼ 0.95) nor between BW regain and whether subjects found the guidelines helpful to control their weight or not (55.1754.9 vs 57.1755.5%, P ¼ 0.85).
Comparing the results of the groups categorized following SS (26m/37f) and SNS (23m/34f) characteristics, there were no statistically significant differences between the groups at any of the four measured time points (Table 2b) .
Subjects were also asked what category of guidelines they preferred. Subjects receiving guidelines opposite their preference showed a better WM than subjects receiving preferred guidelines (BW regain: 49.7753.3 vs 72.8756.5%, Po0.05).
With respect to the kind of guidelines received, no difference was observed in BW regain or any other variables. Table 3 presents compliance of the eight different category groups for dietary restraint (F1), physical activity (Baecke questionnaire) and BW, at the four time points. Dietary disciplined subjects showed good compliance since they kept their increased F1 score during weight loss high. Other subjects showed no compliance for dietary restraint, or for the Baecke score (Table 3) . Surprisingly, 'non-disciplined' subjects with placebo guidelines (plac SS) showed a significant increase in F1 score at 3 months WM (t2) as compared to after weight loss (t1) ( Table 3 ). This increase was not present immediately after weight loss and as a result these subjects were characterized as 'nondisciplined'. Whereas, when examined at t2, they would be characterized as being dietary disciplined and according to the placebo guidelines, SNS. In all groups, BW significantly decreased during weight loss (Table 3) . After weight loss, only the dietary disciplined subjects with opposite guidelines and the 'nondisciplined' subjects with placebo guidelines (who were in fact also dietary disciplined subjects with opposite guidelines) showed greater WM (% BW regain: 27.3756.9%) than the other groups (% BW regain 62.1753.0%).
Compliancy for dietary restraint and physical activity
Measured capability
With respect to capability, differences appeared between diet-and activity-related capability. During weight loss, subjects with an increased dietary restraint had significantly less BW regain than subjects with an increased physical activity (Baecke questionnaire) (35.5753.2 vs 68.5746.4%, Po0.05). Within these groups, the activity guidelines appeared to stimulate dietary disciplined subjects to control their weight, while activity-related disciplined subjects had no benefit of these, for them subject category-specific, activity guidelines (BW regain: 25.2759.5 vs 74.3749.6%, respectively, Po0.05).
Successful vs unsuccessful WM Subjects were categorized into two distinct groups according to either high or low rates of weight change over the followup period in order to identify factors that distinguish successful subjects from unsuccessful subjects. Based upon Weinsier's analysis, we assessed relative success in WM using the 10% weight regain criterion. 44 A distinct break below and above a 10% weight regain appeared. After 1 y WM, 99 subjects (41m/58f) regained more than 10% of their weight, and 21 subjects (8m/13f) regained no weight, or o10% of their weight. Comparing the successful group with the unsuccessful group, most interestingly, the groups appeared to be significantly different in baseline BMI (32.774.9 vs 30.773.5 kg/m 2 , respectively, Po0.05), and baseline waist circumference (106.5714.0 vs 100.6711.2 cm, Po0.05) and tended to have a higher baseline FM (35.2710.6 vs 32.176.6 kg, P ¼ 0.06). The groups were similar in baseline BW, age and height (Table 4) . During the whole study (t3-t0), the successful subjects increased their dietary restraint significantly more as compared to the unsuccessful subjects (DF1: 4.875.0 vs 1.873.9, Po0.01), whereas their general Categorical strategies for weight maintenance N Vogels and MS Westerterp-Plantenga hunger feelings were significantly reduced (DF3: À4.074.9 vs À1.272.7, Po0.05) ( Table 5 ). During WM (t3-t1), the successful subjects had a significantly smaller change in leptin concentrations as compared to the unsuccessful subjects (3.474.6 vs 8.875.7, Po0.001) (Table 5) . Moreover, FM/FFM during WM was found to be negatively correlated with % BW regain (r ¼ À0.2, Po0.05). Baseline FM was positively correlated with DFM (t0-t1) (r ¼ 0.6, Po0.001).
During VLCD (t1-t0) DF1 was inversely correlated with DF2 (r ¼ 0.4, Po0.001). BW regain was negatively correlated with weight loss during VLCD (r ¼ À0.02, Po0.05). Leptin was correlated positively with FM at all measured time points (r ¼ 0.6, Po0.001). Finally, Dleptin concentrations during WM were positively correlated with DFM and with % BW regain at 1 y (r ¼ 0.2, P ¼ 0.01).
Discussion
During 1 y WM, no difference was found between subjects receiving SS guidelines and subjects receiving SNS guidelines. In contrast to our hypothesis, SS guidelines did not lead to better WM. The way the subjects received the guidelines (by mail or internet) nor the kind of guidelines they received were related to WM. In this respect, Harvey-Berino et al 45, 46 reported similar results. Comparing dietary disciplined subjects and activity-related disciplined subjects, dietary disciplined subjects showed significantly better WM after weight loss compared to activity-related disciplined subjects. Moreover, WM was even better when dietary disciplined subjects received additional activity, SNS, guidelines. Opposite to their capability-related discipline, the activity guidelines may have contained new useful information, which dietary disciplined subjects could use for BW control. Also, 'nondisciplined' subjects with placebo, SS, guidelines showed good WM. These subjects showed a later significant increase in dietary restraint (Table 3) . In all probability, they have been misjudged and therefore misplaced, because they were in fact also dietary disciplined receiving opposite, SNS, guidelines. This confirms the success of dietary disciplined behavior with additional SNS guidelines, while the type of opposite guidelines does not seem to matter. Previously, similar results were reported with respect to dietary discipline shown by an increase in dietary restraint. Less weight regain was predicted by larger early increases in cognitive dietary restraint. 2, 16, 47 Contrarily, an increase in physical activity hardly appeared to promote better WM. 1, 16, 48 In line with the results of other studies, an increase in physical activity without an increase in dietary restraint does not seem to help people to maintain their weight after weight reduction, while an increase in dietary restraint alone does seem to help. 9, 16 In our study, the increase in physical activity was marginal (o1 Baecke Item), this could also be a reason that it did not promote WM. In general, subjects receiving guidelines opposite their preference showed less weight regain than subjects receiving preferred guidelines.
As far as we know, very little research, concerning subjectspecific preference, has been carried out in this field so far. One study by Renjilian and colleagues (2001) randomly assigned 75 obese subjects to either their preferred or their nonpreferred treatment modality. They observed no significant effects of treatment preference or the interaction of Categorical strategies for weight maintenance N Vogels and MS Westerterp-Plantenga treatment preference by type of therapy. 49 In our study, we actually found that preferred strategies showed significantly poorer WM results compared to nonpreferred strategies. We suggest that new, unknown guidelines may have given subjects 'renewed' ideas on how to maintain their lower BW, while the familiar guidelines that subjects obviously applied already did not add anymore to WM. All subjects were categorized into two distinct groups according to either high or low rates of weight change over the period of follow-up. A distinct break below and above a 10% weight regain appeared. Analyzing the results, it appeared to be more likely to maintain weight after weight loss, when, in addition to an early increase in dietary restraint, baseline BMI, waist circumference and FM were high. FM loss was positively correlated with baseline FM, which indicates that subjects with a high initial FM also lost most fat during VLCD. Subjects with the highest weight loss during VLCD (both relative and absolute) showed best WM after 1 y. A meta-analysis carried out by Anderson et al showed similar results; after weight loss of more than 20 kg, individuals maintained significantly more weight loss than after weight loss of o10 kg. 50 Taking body composition into account, unsuccessful subjects lost and regained weight in the usual ratio (   2   3 FM and   1 3 FFM), whereas successful subjects showed changes in body composition during WM. BW remained reduced with FM slowly decreasing and FFM slowly increasing. Body composition appeared to change on behalf of the FFM. Previously, Dulloo et al 51 described this sparing effect in which the body composition of a given individual changes continuously towards a leaner body composition during the course of starvation. In our study, we found this FFM sparing effect during the WM phase. Taking these observations together, subjects with a relative high baseline BMI, waist circumference and FM appeared to lose relatively more weight and BF, and showed at the same time better WM, related to effective changes in body composition. As has been shown previously, we observed a strong positive relationship between serum leptin concentrations and FM at any measured time point. [52] [53] [54] [55] After 1 y WM, unsuccessful subjects showed an increase in their leptin concentrations compared to after weight loss, as a consequence of their regain in FM. Successful subjects did not regain FM and thus kept their leptin concentrations reduced. All in all leptin appeared to be dependent on FM in (both successful and unsuccessful) obese subjects. Subjects who were able to increase their dietary restraint during the whole study period appeared to be better in controlling or maintaining their weight, similar to previously reported observations. 2, 16 McGuire et al 47 found that increases in dietary restraint in the WM period were related to decreases in BW. An increase in dietary restraint (F1 score) is often related to a decrease in disinhibition (F2 score). [56] [57] [58] In this study, we found this correlation as well. Moreover, weight gainers appear to be low in dietary restraint and high in disinhibition. 14, 20, 56 This implies that dietary restraint only can be sustained with very low chance of inhibition of restraint. Moreover, our results showed that successful subjects appeared to increase dietary restraint and at the same time reduce general hunger feelings. Thus, subjects who do not suffer from hunger feelings may not be vulnerable to inhibit dietary restraint, and therefore sustain or even increase dietary restraint, which will be rewarded by WM. Subjects may have a genetic background for their dietary restraint behavior and lower vulnerability for disinhibition. Steinle et al 59 observed that eating behavior scores were associated with obesity and obesity-related phenotypes. The overall conclusion from this study is that after weight loss, type of guidelines (dietary, activity, placebo) is not related to the magnitude of WM, whereas guidelines opposite to the subject's capability and preference are related. These only reach successful WM (490%) in originally dietary disciplined subjects who are supported by characteristics such as a relatively high baseline BMI, waist circumference and FM, together with the ability to spare FFM.
